Existing studies on sleep quality and associated obesity are inconsistent, and few studies have prospectively evaluated the association between sleep quality and abdominal obesity among Chinese individuals. To fill this void, the current study aimed to assess the association between sleep quality and abdominal obesity in a rural Chinese population. Methods: A representative sample of 9,404 adults aged 20-93 years in northeastern China was selected between 2012 and 2013 by a multistage cluster and random sampling method. Sleep quality was evaluated by the Pittsburgh Sleep Quality Index (PSQI), where a score of 6 or higher indicated sleep disorder. Abdominal obesity was measured by waist circumference (WC), with abdominal obesity defined as WC > 90 cm for men and WC > 80 cm for women. Results: Male participants with abdominal obesity had higher global PSQI scores in addition to higher subscores in almost all of the elements compared to normal values. The odds ratios of abdominal obesity among participants with sleep disorders were 1.64 (95% confidence interval [CI]: 1.39-1.95) and 1.14 (95% CI: 0.98-1.32) for males and females compared to the reference group. The risk in all sleep elements was significantly increased, with odds ratios ranging from 1.28 (95% CI: 1.08-1.51) to 5.81 (95% CI: 3.54-9.53) for males. The risk only in four elements was significantly increased, from 1.28 (95% CI: 1.12-1.47) to 2.27 (95% CI: 1.36-3.80) for females. Conclusions: Poor sleep quality was associated with abdominal obesity in Chinese. Furthermore, effects in males were larger than those in females. GH. Sex-specific difference in the association between poor sleep quality and abdominal obesity in rural Chinese: a large population-based study. pii: jc-00356-16 http://dx.doi.org/10.5664/jcsm.6544 diseases. 7 The prevalence of abdominal obesity is increasing dramatically worldwide as well as in China. 7 Most existing studies have been conducted in high-income countries whose patterns may differ from those of lower income nations. Therefore, evaluating the association between
I NTRO DUCTI O N
Over the past decades, the global prevalence of obesity has increased in all age groups so dramatically that currently one billion adults are overweight. 1 The prevalence of obesity in the general Chinese population is also increasing at a rapid rate. 2 It is necessary to further understand the myriad factors contributing to the development and perpetuation of obesity in the general population. 3 Recently, there has been great interest in the role of both sleep duration and quality in the onset and progression of obesity. 3 However, existing studies on sleep duration and quality and associated obesity are inconsistent, with some reporting a positive association, and others no association. [4] [5] [6] It is noteworthy that most conclusions on the sleep-obesity relationship were derived from body mass index (BMI)-based studies, but neglected another assessment of obesity: abdominal obesity. Abdominal obesity is clearly associated with central fat localization, type 2 diabetes, and cardiovascular
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sleep and obesity among lower income populations, such as the Chinese population, is necessary. In addition, both rural and urban populations alike are affected by the increasing prevalence of obesity and sleep disorders. Urban populations are more common for studies on the relationship between sleep quality and obesity, even though rural individuals constitute a large proportion of the total population. This is especially true in developing countries such as China, whereby in 2005, approximately 57% of all Chinese lived in rural areas. 8 Unfortunately, previous studies on sleep and obesity in China were limited by poor study design and small non-representative sample sizes. To our knowledge, the current study is the first large-scale, population-based study addressing the relationship between sleep quality and obesity in a rural Chinese population.
M ETHO DS
Study Population
This study was based on population-based cross-sectional surveys using a multistage, stratified cluster sampling scheme in the rural areas of Jinzhou, Liaoning Province, in northeastern China from 2012 to 2013. The study sites and participant recruitment have been reported in greater detail elsewhere. 8 Briefly, the total population in Jinzhou is about 3,102,000. In our sampling strategy, the country was stratified into 5 geographic zones: North, South, East, West and Central. Two townships were randomly selected from each of the South, East, and West zones and one township was selected from each of the North and Central zones. Three or five villages were subsequently randomly selected from each township, yielding 35 villages in total. At the last stage of the survey sampling, participants were stratified into several sex and age groups in accordance with census year 2010 in China. One participant aged 20 years or older with 5 years or more of residency at the current address was selected from each household without replacement. The study population ultimately consisted of 9,404 persons (4,770 males and 4,634 females). Participant ages ranged from 20 to 93 years (mean ± standard deviation: 52.11 ± 14.10 years).
Written informed consent from each participant was obtained before data collection. The study procedure was performed with regard to the ethical standards of the Committee on Human Experimentation of Sun Yat-sen University. The ethics committees and other relevant regulatory bodies in Liaoning Province approved the study.
Sleep Quality
The Pittsburgh Sleep Quality Index (PSQI), a validated, selfrated questionnaire, was used to evaluate sleep quality. 8 The PSQI consists of 19 elements, each of which is coded on a point scale of 0 to 3, and are used to create subscores in 7 subcategories called components. The component variables are defined as: sleep latency (time required to go from full wakefulness to sleep and the frequency of falling asleep within 30 minutes); habitual sleep efficiency (hours slept compared to hours spent in bed: 0, ≥ 85%; 1, 75% to 84%; 2, 65% to 74% and 3, < 65%); subject sleep quality (0, very good; 1, fairly good; 2, fairly bad; and 3, very bad); sleep disturbance (amount of sleep disruption and frequency of disruption); daytime dysfunction (regularity of having trouble staying awake and maintaining enthusiasm during daily activities); sleep duration (0, sleep duration > 7 hours; 1, 6 to ≤ 7 hours; 2, 5 to < 6 hours and 3, < 5 hours); and use of sleep medication (0, not used during the past month; 1, less than once a week; 2, once or twice a week and 3, three or more times a week). Points from each component are summed for a global sleep quality score, from 0 to 21. A global PSQI score of 6 or higher distinguishes between good and poor sleepers. 8
BMI and Abdominal Obesity
Height and weight were measured according to standardized procedures. In brief, we measured each participant's height and weight (to the nearest 0.1 cm and 0.1 kg, respectively) in light, indoor clothes. BMI was calculated as weight divided by height (kg/m 2 ). We defined BMI based on recommendations from the Working Group on Obesity in China. BMI was categorized as follows: underweight, < 18.5; normal, 18.5-23.9; overweight, 24.0-27.9; obese, ≥ 28. We used 24 as the cutoff point for overweight/obesity. 9 Abdominal obesity was measured by waist circumference (WC), measured at navel level, with participants standing up straight and with light expiration. Abdominal obesity was modified for Chinese as > 90 cm for men and > 80 cm for women based on the definition of metabolic syndrome (MetS) by International Diabetes Federations and World Health Organization recommendations. 7, 10 Covariates Data on demographic characteristics age, sex, ethnicity, education level, marital status, occupation and household income, and behavioral and lifestyle risk factors were obtained from standardized, self-reported questionnaires. Lifestyle risk factors included smoking, alcohol consumption, tea consumption, and exercise. The definitions of lifestyle risk factors have been reported previously. 8 The measurement and definition of hypertension were reported at the same time. In brief, blood pressure was measured with a standardized mercuric-column sphygmomanometer by a trained and certified observer. According to the Seventh Report of the Joint National Committee (JNC-7), we defined hypertension as an average systolic blood pressure ≥ 140 mm Hg, or an average diastolic blood pressure ≥ 90 mm Hg, or current use of antihypertensive medication. Medication use was confirmed with a standardized interview. 8
Statistical Analysis
All of the statistical analyses for this study were conducted with SPSS software (version 18.0, SPSS Inc., Chicago, Illinois, United States). A value of P < .05 was considered statistically significant and all of the P values were two-sided.
In the current study, data were tested for normality (Shapiro-Wilk W test) and homogeneity (Bartlett test for unequal variances) and all scores and subscores were natural log-transformed to correct skewed distributions. All statistical analyses were stratified by sex because previous studies suggested sex differences in sleep outcomes. Baseline characteristics were compared between sex subgroups using one-way analysis of variance for continuous variables (age, BMI, WC, and global PSQI score) and Pearson chi-square tests for categorical variables (BMI classification, abdominal obesity, drinking, smoking, tea consumption, exercise, total final income, education, marital status, occupational status, the prevalence of hypertension, and sleep quality). Baseline characteristics were also compared between good and poor sleep quality using oneway analysis of variance for continuous variables (age, BMI, and WC) and Pearson chi-square tests for categorical variables (abdominal obesity, drinking, smoking, tea consumption, exercise, total final income, education, marital status, occupational status, and the prevalence of hypertension).
Analysis of covariance and logistic regression were performed to assess the association of self-reported sleep quality with abdominal obesity. We conducted data analysis of covariance for continuous variables to determine any significant differences across groups with or without abdominal obesity and adjusted for hypertension, age, BMI, drinking, smoking, tea consumption habit, regular exercise, total final income, education, marital status, and occupational status. Logistic regression was conducted to evaluate associations between abdominal obesity and poor sleep quality using the global PSQI score and seven other PSQI component subscales after adjusting for the aforementioned variables.
R ESU LT S
The characteristics of the participants are presented in Table 1 , stratified by sex. Of the 9,404 study participants, 50.72% were males and 49.28% were females. Mean BMI was significantly higher among females (24.2 kg/m 2 ) than males (23.43 kg/m 2 ) Data are presented as mean ± standard deviation or number (%). The Pearson chi-square statistical test for nominal variables and one-way analysis of variance for continuous variables were performed to assess whether there were significant differences among the groups stratified by sex. BMI = body mass index, HS = high school, PSQI = Pittsburgh Sleep Quality Index, RMB = Chinese Yuan.
(P < .05). Furthermore, the proportion of overweight/obese in females (30.38% and 11.67%, respectively) was significantly higher than in males (27.15% and 7.17%, respectively; P < .05). Prevalence of abdominal obesity was also significantly higher among females (48.12%) than males (20.28%) (P < .05). Though there was no significant difference in the prevalence of poor sleep quality across sex, global PSQI score of females was significantly higher than that of males (P < .05). Thus, data were stratified by sex in the following analyses. Table 2 shows the differences between the groups of poor and good sleep quality. There was no significant difference in BMI between the 2 groups for either sex. However, both WC and abdominal obesity were elevated among those with poor sleep quality across sex (P < .05). Figure 1 shows that participants with abdominal obesity had higher global PSQI scores and poorer sleep quality on average than those without abdominal obesity (P < .05). Table 3 and Table 4 display one-way analyses of covariance for continuous variables to assess significant differences among the males and females with and without abdominal obesity after adjustment for hypertension, age, BMI, drinking, smoking, tea consumption habit, exercise, total final income, education, marital status and occupational status. Among males, mean scores for global PSQI and 6 (out of 7) PSQI components (sleep duration, subjective sleep quality, sleep latency, sleep disturbance, use of sleep medication, and daytime dysfunction) were significantly higher in participants with abdominal obesity (P < .05). In females, the trend persisted for only 2 components (sleep latency and sleep disturbance; P < .05). Unlike in males, the scores for sleep duration were significantly lower in obese female participants (P < .05). We also compared the difference in the time to fall asleep between the 2 groups separately among males and females. The results indicated that both sexes with obesity needed more time to fall asleep (with higher scores of the time to fall asleep; P < .05). Table 5 and Table 6 reveal results of multivariate logistic regression analyses examining the relationship between the global and component PSQI scores and abdominal obesity after adjusting for aforementioned variables. In males, the odds of abdominal obesity among individuals with the global 
DISCUSSI ON
Previously, studies on the associations between sleep duration and obesity have largely progressed without adequately addressing the role of sleep quality such as sleep latency and sleep disturbance. Our study is one of the first attempts to The chi-square statistical test was performed to assess whether there were significant differences in the global score and the prevalence of poor sleep quality between the groups with and without abdominal obesity in male or female. PSQI = Pittsburgh Sleep Quality Index.
conduct self-reported sleep quality assessments from adults in rural areas. In addition, we are also among the first to demonstrate a correlation between poor sleep quality and risk of abdominal obesity in the general population, stratified by sex.
Previous studies mainly have focused on BMI but not included WC. Abdominal obesity is one of the five primary components of MetS. 11 In China, the prevalence of abdominal obesity has been rapidly increasing. 7 In this study, we examined the associations between PSQI (both global and component scores) and both BMI and abdominal obesity, stratified by sex. We found no evidence of an association between sleep quality and BMI, either in men or women. However, we observed significant, positive associations between prolonged sleep latency and sleep disturbance and abdominal obesity (in terms of WC and prevalence of abdominal obesity) across sex. Furthermore, associations between the poor sleep quality, short sleep duration and daytime dysfunction and abdominal obesity were observed among men.
One Taiwanese study indicated that participants who slept fewer than 5 hours per night on average were more likely to experience abdominal obesity, and those with higher scores of sleep disturbances had a higher prevalence of MetS and abdominal obesity. 12 Another study found significantly decreased WC in those who improved their sleep quality. 13 Similarly, our study found that men with shorter sleep duration and higher scores of sleep disturbances had a higher prevalence and higher risk of abdominal obesity. As such, men with short sleep duration or sleep disturbances should be screened for MetS and abdominal obesity in an effort to prevent cardiovascular diseases.
Other studies examining sleep quality in association with obesity report mixed results. A few studies have shown an association between sleep quality and overweight/obesity. 14, 15 However, some studies suggest the contrary. For instance, studies such as those by Kim and Crönlein found no association between poor sleep quality and BMI. 16, 17 We did not identify an association between sleep quality and BMI, either. The differences in the findings are most likely attributable to the group studied or other factors. For example, some potential risk factors were not taken into account in these studies such as smoking status, alcohol consumption, exercise habits, and tea consumption. In previous studies, the population was composed of urban participants, teenagers, or elderly people, whereas our participants were all rural Chinese adults. In the absence of an association between sleep quality and BMI, we did find a significant, positive link between sleep quality and abdominal obesity.
Mechanisms underlying the relationship between sleep and obesity are not fully understood. Some biological evidence suggests that the presence of a sleep disorder may increase the risk for obesity. 18 Both sleep quality and quantity are important factors to maintain normal daily metabolic and hormonal processes and appetite regulation, which may contribute to energy dysregulation that leads to weight gain and obesity. 16 For example, Yan et al. 6 indicated that sleep deprivation may lead to a constellation of metabolic and endocrine alterations (eg, decreased glucose tolerance, elevated sympathovagal balance, decreased levels of leptin, and increased hunger and appetite). However, there are experimental sleep restriction studies that have found no change or even increases in leptin levels or decreases in ghrelin levels as a result of sleep deprivation. [19] [20] [21] Some studies have demonstrated that recurrent episodes of short sleep increased 24-hour food intake and snack consumption, whereas others have not observed such an increase. 22 In addition, Prather et al. 23 confirmed that systemic inflammation, including that induced by stress, may serve as a common biological mechanism linking sleep, adiposity, and disease risk.
Our results converge with other existing research reporting sleep quality differences across sex. 11, 24, 25 In our study, the global PSQI score of females was higher than that of males, and the prevalence of abdominal obesity in female (48.12%) was much greater than that in males (20.28%), which is consistent Data are presented as mean ± standard error. One-way analysis of covariance for continuous variables were performed to assess whether there were significant differences among the groups of abdominal obesity and non-abdominal obesity after adjusted for hypertension, age, body mass index, drinking, smoking, tea consumption habit and exercise, total final income, education, marital status and occupational status. PSQI = Pittsburgh Sleep Quality Index. Data are presented as mean ± standard error. One-way analysis of covariance for continuous variables were performed to assess whether there were significant differences among the groups of abdominal obesity and non-abdominal obesity after adjustment for hypertension, age, body mass index, drinking, smoking, tea consumption habit and exercise, total final income, education, marital status and occupational status.
with an analysis of 105 countries and territories reported by Thomson et al. 1 We found that males with higher subjective sleep quality scores (1, 2, and 3, respectively; indicating poorer sleep quality) suffered from a higher prevalence (18.7%, 21.9% and 30.08%, respectively) and higher risk (1.29, 2.03, and 3.67) of abdominal obesity. However, similar relationships did not exist in females. Thus, the effects in males were larger than in females, both in terms of the correlated sleep elements and the odds ratios for abdominal obesity. Results are similar to those presented in the study by Sun and colleagues, 11 where sleep quality was negatively associated with overweight/obesity in Chinese urban men but not in women. Furthermore, in the current study we also found that for males, sleep duration was shorter in individuals with abdominal obesity than those without abdominal obesity. However, sleep duration did not show a similar difference among females. This is consistent with the study findings reported by Sun et al., 26 who reported that short sleep duration was significantly associated with obesity among men (odds ratio: 2.15; 95% CI: 1.19-3.90), but not among women. 26 We also found that the odds of abdominal obesity among the subjects that took a longer time to fall asleep (31-60 minutes, ≥ 60 minutes) for males were higher than that for females when compared to the subjects who took a shorter time to fall asleep (≤ 15 minutes). The specific sex-based mechanisms are still unclear. Recent studies emphasize the importance of the menstrual cycle with regard to sleep, such as cortisol changes in response to sleep quality. It has been reported that sex differences occurred in individuals with both insomnia and obesity. 27, 28 Another study revealed that sleep restriction led to a marked increase in food intake in men compared to women. 29 Because of the metabolic nature of such sex differences, men have been found to gain more weight than women under experimental sleep restriction. 29 Under conditions of sleep loss, hormonal responses have been reported to differ as well. For instance, greater increases in leptin levels were found in women than in men following sleep restriction. 30 St-Onge et al. 31 found that sleep restriction led to increased morning levels of ghrelin only in men. However, an afternoon decrease in GLP-1 was observed only in women.
Study strengths of the current study include a relatively large sample size, the use of cross-culturally accepted instruments to characterize sleep disorders, and the use of the valid, reliable PSQI instrument. Limitations include self-report, lack of laboratory measures of sleep mediators (eg, ghrelin, leptin, insulin resistance, and sympathoadrenal activity), 32, 33 and other subjective sleep parameters (eg, sleep diaries, sleep duration in minutes). Perhaps the largest limitation, however, is the lack of temporal ordering and controls necessary to permit causal inferences. Future longitudinal studies are needed. Another limitation is that the Chinese version of PSQI does not include any items regarding restlessness during sleep and witnessed apneas, which can serve to indicate general and various aspects of sleep quality as previously mentioned, including snoring and pauses between breaths. Thus, the current study does not contain adequate information to explore the association between restless legs syndrome and obstructive sleep apnea and abdominal obesity. Finally, though we have included hypertension as a confounding factor in the current study, there is still no information on medications or diabetes, depression, and psychiatric disorders, which should be taken into account in the future studies.
CONCLUSI ONS
We observed, for the first time, an association of global PSQI score with prevalence and odds of abdominal obesity in a rural Chinese population. PSQI components (prolonged sleep latency, short sleep duration, sleep disturbance, and poor sleep quality) are also associated with abdominal obesity, with more pronounced effects among men overall. Further research is needed to elucidate this relationship. In clinical practice, we might suggest routine screening for poor sleep quality among subjects with abdominal obesity.
A BBRE V I ATI O NS
BMI, body mass index CI, confidence interval JNC-7, the Seventh Report of the Joint National Committee MetS, metabolic syndrome OR, odds ratio PSQI, Pittsburgh Sleep Quality Index WC, waist circumference
